This paper presents new confidence intervals for the ratio of means of lognormal distribution with restricted parameter. We derived analytic expressions to find the coverage probability and expected length of each confidence interval.
Introduction
Let X i = (X 1i , X 2i , . . . , X n i ), (i = 1, 2) be a random variable having a lognormal distribution, and μ i and σ ; for x i >0 0 ; for x i ≤0.
(1)
Confidence interval for the mean of Lognormal distribution
It is straightforward to see that θ = ln(θ * ) = δ 1 − δ 2 , where δ i = μ i + σ 2 i /2. Our aim is to construct the confidence interval for θ with restricted parameter space, i.e. r 1 < θ < r 2 where r 1 and r 2 are constants and r 1 < r 2 . The confidence interval for θ * can be achieved by applying the confidence interval of the exponential-function to θ, i.e. θ * = exp(θ). The confidence interval for θ, based on Zhou and Gao [6] , is
where
and
where c 1 is the 100(1 − α/2)% percentile of the standard normal distribution. The confidence interval for θ * based on Zhou and Gao [6] is
Recently, Zhou et al. [7] proposed the new method, called the closed form method of variance estimation (CFM), to constructed the confidence interval for the mean of lognormal distribution,
c 3 and c 4 are respectively the 100(1 − α/2)% and 100(α/2)% percentiles of the Chi-squares distribution with n i − 1 degrees of freedom. Solving (4), we have
The confidence interval for θ based on Zou et al. [7] is
Note that, the confidence interval for θ * based on Zou et al. [7] is
Zou et al. [7] reported that the confidence interval CI ZO performs as well as the generalized confidence interval proposed by Krishnamoorthy and Mathew [1] in terms of coverage probability. We therefore consider the performance of confidence interval CI ZG compared to confidence interval CI ZO in terms of coverage probability and expected length in case of restricted parameter space.
Confidence interval for the mean of Lognormal distribution with restricted parameter space
Following Wang [5] , the confidence interval for θ with restricted parameter, 0 < a 1 < θ < a 2 is
Following Niwitpong [3] , if the parameter μ is bounded, say, a < μ < b, where a < b and both a and b are constants. Consider, if we have the bounded mean, μ, as
where σ
Similarly to the confidence interval CI r , the confidence interval for θ, using the confidence intervals CI ZG = (L 1 , U 1 ) and CI ZO = (L 2 , U 2 ) and 0 < r 1 < θ < r 2 , are respectively
We also note that the confidence intervals for θ * using the methods of Zhou and Gao [6] and Zou et al. [7] are, respectively, restricted parameter space,
In the next section, we have proved two Theorems for the coverage probability and the expected length of each interval. 
is an expectation operator and Φ(·) is the cumulative distribution function of N(0, 1) and the expected length of CI ZG are respectively
Proof. Similarly to Niwitpong and Niwitpong [4] and Niwitpong [2] , consider
Note that, the coverage probability of
We now prove the expected length of confidence interval CI ZG ,
is an expectation operator and Φ(·) is the cumulative distribution function of N(0, 1) and the expected length of CI ZO are respectively 2.1 r 2 − r 1 , if max(r 1 , L 1 ) = r 1 and min(r 2 , U 1 ) = r 2 ,
and min(r 2 , U 1 ) = U 1 .
Proof. Let 
Consider, We proposed, in this paper, the confidence intervals for the ratio of means of Lognormal distribution with restricted parameter space. The coverage probability and the expected length of each confidence interval are derived mathematically. The coverage probability of each interval is 1−α and there is, hence, no need to use Monte Carlo simulation to assess the confidence interval.
